Functional bowel disorders, including irritable bowel syndrome (IBS), are a chronic condition that can significantly reduce patients' quality of life. Therefore, this paper will review the roles of a low fermentable oligosaccharides, disaccharides, monosaccharides, and polypols (FODMAP) diet in treating IBS, particularly in an Asian setting. About 20% of the general population is diagnosed with IBS. However, there are limited effective medical therapies available for treating IBS. Therefore, IBS presents a major challenge to the health-care providers. Recently, there is an increasing interest in the use of a diet low in FODMAP for the treatment of IBS. A low FODMAP diet can decrease the delivery of readily fermentable substrates to the small intestine and colon, thereby improving functional gastrointestinal symptoms.
Introduction
Irritable bowel syndrome (IBS) is a common functional gastrointestinal disorder 1 worldwide, with significant effects on quality of life (QOL). The prevalence ranges from 10 to 20% in the West, 2 including some parts of Asia and Malaysia, and largely depends on diagnostic criteria used. 3 The prevalence is generally higher in South America than in Southeast Asia and is higher among women than men. 4, 5 Up to now, the pathogenesis of IBS is not exactly known, although postulated mechanisms included visceral hypersensitivity, 6 intestinal dysmotility, 7 altered gut microbiota, 8 low-grade bowel inflammation, 9 altered gut-brain axis, 10 and psychosocial factors.
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IBS is usually identified symptomatically, including abdominal pain, bloating, diarrhea, and constipation after exclusion of organic diseases. 12 Currently, the diagnosis of IBS is based on the recently revised Rome IV criteria (Table 1) . 13, 14 Methods Management of IBS is largely symptom-based, but in the recent years, as we understand the disease better, certain diseasemodifying interventions, including diets that contain low fermentable oligosaccharides, disaccharides, monosaccharides, and polypols (FODMAP), have been suggested. 15 In this review, we discussed the role of diet in IBS, issues of existing interventions in IBS, and how the low FODMAP diet changes the management landscape of IBS particularly in Asia. An electronic literature search was conducted using Medline (OvidSP), PubMed, Cochrane CENTRAL, and Web of Science. Additional articles were further identified from references in the retrieved articles. The search was restricted to articles in English that addressed the review of our scope.
The rise of IBS in Asia may be due to changing diet across the globe. Based on a meta-analysis, the pooled global prevalence of IBS was approximately 11.2% but can range from 1.1 to 45% depending on countries and diagnostic criteria used. 16 The prevalence of IBS is generally higher in North America and Western Europe (between 3 and 32%) than in Asia (between 5 and 10%). [17] [18] [19] However, in recent years, the prevalence of IBS in Asia, including Malaysia, has seen an increase to a proportion similar to the West. 3 The reason for this rise in Asia is not entirely clear, but the increase is more common in the urban community, and therefore, it may reflect the rapid socioeconomic development seen in Asia.
The pathogenesis of IBS remains incompletely understood to date, but environmental factors are probably one of the most important factors. Dietary pattern has drastically changed due to accessibility across the globe, including Asia, and such changes are closely linked with socioeconomic development. More than half (63%) of patients with IBS associated their symptoms with foods, especially ones that are rich in carbohydrates and fats. 21 IBS patients also reported higher frequencies of eating refined and processed foods, including canned food, processed meat, fruits, legumes, and drinking tea. 22, 23 In addition, exacerbation of IBS symptoms has been shown to be associated with intolerance or allergies to certain foods. 24 About a third (27%) of IBS patients were lactose intolerant, and 39% of them demonstrated improvement in symptoms after a low-lactose diet. 25 Another example is gluten or wheat, reported both in the West and in some Asian countries. 20 The overlap between IBS and gluten-related disorders like celiac disease (CD) has been identified for many years. Studies showed that about 5% of patients with IBS were also diagnosed with CD, and patients with CD may conversely present with typical IBS symptoms. 26 In recent years, nonceliac gluten sensitivity (NCGS) or nonceliac wheat protein sensitivity has also been increasingly reported in patients with IBS. Studies showed that the IBS symptoms were presented in the majority of patients with NCGS, and about 30% of patients with IBS suffered from wheat sensitivity. 27 Food allergy that involves IgE-mediated immune responses was hypothesized as the mechanism that underlies food-precipitated IBS; however, the evidence remains weak. 20 Dysbiosis in the gut microbiota has been shown to cause IBS, for example, exposure of environmental microbiota had led to the development of IBS after a major flood disaster. 28 On the other hand, diet is an important determinant of gut microbiota abundance and diversity, especially in early life, where it may impact health and diseases in later life, 29 including IBS.
30,31
Current pharmacological strategies are not effective in treating IBS. Symptom-directed therapy remains the main treatment option in IBS. Antispasmodics, including smooth muscle relaxants, anticholinergic agents, and calcium channel blockers, are effective for abdominal pain but have other side effects. 20 Similarly, laxatives (e.g. lactulose) and prokinetics (e.g. prucalopride) are often used in constipation-predominant IBS; however, diarrhea can be an undesirable side effect. 20, 32 Psychotropic agents like antidepressants are widely prescribed in primary care in the United States, but they are poorly tolerable, with other side effects that often lead to poor compliance. 33 On the other hand, as we understand the pathogenesis of IBS better, especially with regard to the role of gut microbiota, newer approaches directed to pathogenesis will be more helpful. Probiotics is an attractive approach as there is evidence to indicate its effectiveness in dysbiosis, and it is generally safe except in immunocompromised states. Exact mechanisms are not entirely known but may include altering microbiota composition, enhancing the mucosal barrier function, and regulating the gut inflammatory response. 34, 35 Several clinical studies of single probiotic strains, such as Bifidobacteria or Lactobacilli, have been shown to reduce global symptoms and to improve QOL in IBS, 36, 37 but a mixture of strains was also effective. 35 Despite the evidence, a consensus of Asian experts casts doubts on the beneficial effects of probiotics in IBS largely because of modest treatment effect, small study sample sizes, and because not all probiotics have demonstrated benefits in IBS. 38 How does FODMAP affect IBS?. Given the close association between foods and IBS, dietary modification is considered an attractive nonpharmacological intervention of IBS. Developing a regular eating habit and reducing the intake of alcohol, caffeine, spicy foods, and fat are generally recommended to patients, but such advice does not usually work. 39 On the other hand, the introduction of low FODMAP diet in IBS has turned out to be a more effective strategy. 40, 41 What is FODMAP?. FODMAP, an acronym, was first described by Gibson and Shepherd from Melbourne, Australia, in a 2005 article on the relationship between Western diets and Crohn's disease. 42 It is a group of short-chain carbohydrates including oligosaccharides (e.g. fructans), disaccharides (e.g. lactose), monosaccharides (e.g. fructose), and polyols (e.g. sorbitol) (Fig. 1) . 43, 44 FODMAP is less absorbable by the intestine due to a lack of brush border enzymes or the presence of low-capacity epithelial transporters, such as GLUT-2, and are highly fermentable by gut microbiota into short-chain fatty acids (SCFAs), including acetate, propionate, and butyrate. As a result, Table 1 Rome IV criteria for the diagnosis of IBS Rome IV criteria † Recurrent abdominal pain on average at least 1 day per week in the last 3 months associated with two or more of the following: 1. Related to defecation 2. Associated with a change in frequency of stool 3. 3. Associated with a change in form (appearance) of stool † These criteria fulfilled in the last 3 months with symptom onset at least 6 months prior to diagnosis. IBS, irritable bowel syndrome. Figure 1 Low fermentable oligosaccharides, disaccharides, monosaccharides, and polypols (FODMAP) diet includes a reduction of the five main subgroups of carbohydrates.
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FODMAP increases water volume and intestinal gas production and promotes intestinal motility. In addition, it can increase calcium absorption, lower serum cholesterol and triacylglycerols levels, and modify gut immune function. 43, 44 How does FODMAP affect IBS symptoms?. Different molecules in FODMAP tend to have overlapping but heterogeneous effects on IBS symptoms based on their molecular size and absorption characteristics. It is generally believed that two possible mechanisms are involved. The first mechanism relates to osmotic molecules like fructose and polyols, of which the osmotic activity of these molecules in the small intestine lead to net secretion of fluids that result in luminal distension and increased water delivery to the large intestine causing diarrhea (Fig. 2) . 20, 41 For example, Murray et al. studied the differential effects of fructose and fructan (inulin) on luminal water and gas through magnetic resonance imaging in healthy volunteers. 45 Their results showed that inulin produced more gas than fructose but had no effects on small bowel water content. 45 Another study by Undseth et al. showed that small bowel water content was increased after ingestion of unabsorbed lactulose, more in the IBS than the control group. In addition, more symptoms were significantly provoked by lactulose in IBS than in healthy controls. 46 A study by Ong et al. reported that gas production, as measured by the hydrogen breath test, decreased with restriction of FODMAP molecules in both IBS patients and healthy subjects. 47 Moreover, in a randomized, placebo-controlled rechallenge trial, the induction of IBS symptoms was significantly seen in patients after consuming FODMAP compared with glucose in a cumulative and dose-dependent fashion. 48 The second mechanism relates to the rapid fermentation of FODMAP by the colonic microbiota from the delivery of unabsorbed FODMAP molecules in the small bowel. The fermented molecules led to increased gas production (hydrogen and/or methane) that causes bloating and also increased SCFAs that result in intestinal dysmotility. 49 In addition, patients with IBS are known to have higher sensitivity and lower tolerance to bowel distension from fermented FODMAP molecules. 50 Does the low FODMAP diet alter colonic microbiota in IBS?. Acting as substrates for bacterial fermentation, the FOD-MAP diet has been shown to alter gut bacterial composition/ diversity and abundance. 49, 51 Fructans and oligomates have 'prebiotic' effects, with abilities to stimulate the growth and activity of putatively beneficial colonic bacteria, such as Bifidobacteria and Lactobacilli. The study by Staudacher et al. was the first to show a significant reduction in luminal Bifidobacteria abundance after 4 weeks of low FODMAP diet in IBS. 51 Furthermore, another study by Halmos et al., through a randomized controlled crossover trial, reported that IBS patients on low FODMAP versus standard diets had a significant reduction in the abundance of Clostridium coccoides and Akerkmanisa muciniphila but relative increase in abundance of Ruminococcus torques.
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As A. muciniphila was a good bacterium, while R. torques was an unfavorable mucus-consuming bacterium, such alterations caused by low FODMAP diet in the long run may be detrimental to health. However, the actual clinical significance remains unclear due to a lack of long-term studies.
How do we manage IBS with low FODMAP diet?
Evidence of effectiveness of low FODMAP diet in Asian IBS. Low FODMAP diet has achieved widespread application and positive effects across Western countries, while it is relatively new and less studied in Asian regions. The British Dietetic Association recommends a low FODMAP diet as the second-line intervention in dietary management of IBS. 53 According to the latest Asian Consensus on IBS, the main recommendations for dietary modification include restriction of certain food such as dairy products, chili, and fructose, but no specific diet was recommended. Low fermentable oligosaccharides, disaccharides, monosaccharides, and polypols and irritable bowel syndrome in Asia high-quality studies are sparse; most are retrospective, uncontrolled, and with a small number of participants. 51 Halmos et al. conducted a randomized controlled, single-blind crossover study where 70% of IBS subjects were shown to report lower severity of symptoms after low FODMAP diet for 21 days. 57 With its robust experimental design and high degree of dietary adherence, the study can be considered high-quality evidence supporting the role of low FODMAP diet being a first-line therapy for IBS. In another multicenter, parallel, single-blind study of 75 adult patients by Bohn et al. comparing the effect of low FODMAP diet with traditional dietary advice, low FODMAP diet reduced IBS symptoms compared with traditional IBS dietary advice. 58 However, it may be difficult to apply in free-living adults as such a dietary restriction has varying degrees of compliance. A metaanalysis by Marsh et al. supported the role of low FODMAP diet in reducing severity of abdominal pain, bloating, and overall symptoms in IBS, 55 and likewise, similar findings were also reported in a more recent meta-analysis by Varju et al. with more studies and standardized outcome measurements (e.g. IBS symptom severity score) included. 56 However, studies of low FOD-MAP diet in children with IBS are limited. Chumpitazi et al. conducted a pilot study 59 followed by a randomized study in children (7 and 16 years old) with IBS, 60 and their results showed that low FODMAP diet significantly reduced the frequency of abdominal pain. Moreover, the responders tended to be enriched with bacteria of greater saccharolytic capacity, such as Bacteroids and Ruminococcaceae.
How to apply low FODMAP in clinical practice. The implementation of the low FODMAP diet in clinical practice is primarily led by qualified dietitians and generally consists of three stages: FODMAP restriction, FODMAP reintroduction, and FODMAP personalization. 61 The essential principle of applying a low FODMAP diet is to replace the foods with high FODMAP content with those of low FODMAP content within the same food group and do not reduce the dietary quality. Therefore, the knowledge of FODMAP content is the key to the success of a low FODMAP diet. At the beginning, dietitians educate patients on the knowledge of the FODMAP composition, provide them with some lists of suitable foods and unsuitable foods based on FODMAP composition, and help them make diet plans (Fig. 3) . The strict adherence of low FODMAP diet usually lasts for 4-6 weeks and is then followed by a closely monitored reintroduction of FODMAP. Generally, dietitians may recommend less troublesome FODMAP first, such as polyol-containing foods, and one food item is reintroduced at a time until patients are able to achieve an individual tolerance.
What are the issues of low FODMAP diet in Asian setting? Although most of the studies concerning the effects of low FODMAP diet were performed in Western countries, it is believed that low FODMAP diet has similar efficacy in Asian settings However, the application of the low FODMAP diet in the Asian setting might be more challenging. 62 First, the dietary habits are quite different in Asian countries, which might contribute to FODMAP intake. For example, 'kimchi' is a traditional side dish that contains several high FODMAP ingredients such as onion and garlic, but the restriction might be very difficult as such ingredients can be found in nearly every meal in Korea.
Second, the current databases of FODMAP content of foods are mostly developed in Western countries, such as The Monash University Low FODMAP Diet App, so the FODMAP contents of some foods that are unique to Asia are unavailable. Finally, the dietitians in Asia may have less knowledge and experience in delivering low FODMAP diet in practices. In addition, because most of the education resources are in English, they are not easily accessible for health professionals in some Asian countries with low English proficiency. A study in Malaysia also indicated that adherence to low FODMAP diet may also be a challenge; thus, this dietary advice requires close follow up and, potentially, patients' motivation. 63 Limitations of low FODMAP diet. There are some limitations of low FODMAP diets, especially in the longer term. First, which exact foods to avoid and replace, how much, and how long to intervene with low FODMAP diet remain unclear. While tests are carried out to compile the contents of specific FODMAP in foods, they are expensive, of long duration, and are mostly focused on Western rather than Asian foods. In addition, the content of FODMAP may vary in different conditions and degrees of maturation (e.g. storage and cooking). 64 Second, nutritional inadequacy with a low FODMAP diet has been a concern among doctors and patients. FODMAP exists in many staple foods, including wheat, dairy products, and several types of vegetables and fruits, and this means limited replacement choices for patients who chose to restrict them. In a study comparing the effects of fermentable carbohydrate restriction versus control diet, 51 calcium intake was significantly reduced, probably caused by a lower intake of dairy products, while other micronutrients did not show any significant reduction. In addition, a reduced fiber intake in low FODMAP diet may worsen constipation in IBS. 65 However, the restriction of FODMAP is not for a lifetime as it is normally just within the first 4-6 weeks during the initial advice.
Finally, patients on dietary restriction may lose the benefits provided by FODMAP. For example, the SCFAs, byproducts of fermented carbohydrates, have several health benefits. SCFAs have been documented to be an important energy source for colonocytes and have effects in inhibiting inflammation, enhancing barrier function and faster cell proliferation, and even lowering the chance of colon cancer. 66, 67 In addition, the prebiotic Figure 3 How do we apply low fermentable oligosaccharides, disaccharides, monosaccharides, and polypols (FODMAP) in clinical practice?
effects provided by fructans and galacto-oligosaccharide may be affected. However, it is important to remember that other foods also produce SCFA; thus, this might not be a major issue.
Conclusion
A larger number of research studies have considered the epidemiology, pathogenesis, and management of IBS. IBS is believed to be a multifactorial disease, of which the complex pathogenesis has not been understood completely. Many studies have highlighted the potential association between diet, the gut microbiome, and the pathogenesis of IBS, with emerging evidence suggesting the important role of diet modification in the management of IBS. FODMAP is a group of fermentable and poorly absorbed carbohydrates, the consumption of which might exacerbate IBS symptoms by increasing the water content and gas production in the luminal. The low FODMAP diet is therefore considered a potential approach in improving the IBS symptoms. Many clinical studies have supported the efficacy of low FOD-MAP diet on improving the severity of IBS symptoms, while more high-quality evidence with larger sample sizes and scientific methodology is still needed to establish a definite conclusion. On the other hand, there are studies concerned that the utilization of low FODMAP diet may lead to negative influences, such as the lack of specific nutrients and dysbiosis of intestinal microbiota. Therefore, studies considering the short-term effect and safety of low FODMAP diet in Asian settings are needed in the future. Moreover, evidence shows that there might be certain subtypes of IBS patients, such as those enriched in the bacteria with greater saccharolytic capacity, that could respond better to the low FODMAP diet. Therefore, future studies should be conducted to determine the subtype and predict the effect of low FODMAP diet in different subtypes of IBS patients.
